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Congenital atrichias represent a large and heteroge-
neous group of inherited hair disorders. In this
report, we describe a patient affected with alopecia
universalis congenita (MIM 203655). Sequence analy-
sis revealed a G to A transition at cDNA position
3034 of the hairless hr gene present in a homozygous
state in the patient and in a heterozygous state in the
patient's mother, and absent in the patient's sister.
The mutation is predicted to result in the substitu-
tion of an asparagine residue for an aspartate amino
acid (D1012N) at a position previously shown in the
rat to affect hairless binding to thyroid hormone
receptor. This study presents the ®rst evidence in
humans for the functional importance of the hairless
thyroid receptor interacting domain 2. Key words:
alopecia/atrichia/genetics/hair/hairless. J Invest Dermatol
119:920±922, 2002
R
ecent years have witnessed remarkable advances in
our understanding of congenital alopecias. The
genetic basis of about 15 different monogenic forms
of inherited hair loss has been elucidated within less
than a decade (Cotsarelis and Millar, 2001; Irvine
and Christiano, 2001). These studies have revealed an extremely
complex spectrum of genetic alterations in a number of these
genodermatoses. In this regard, the study of the hairless (hr) gene,
implicated in the pathogenesis of alopecia universalis congenitalis
(AUC; MIM203655) and atrichia with papular lesions (APL;
MIM209500), is particularly illustrative. Numerous mutations in
this gene have been found in mostly consanguineous kindreds of
various extractions (reviewed in Sprecher et al, 1999b; Zlotogorski
et al, 2002a). These studies have revealed an intricate relationship
between a varying phenotype and a wide range of mutations spread
over the entire length of the gene in mice and humans (Panteleyev
et al, 1998). Interestingly, several reports have indicated the
existence of a substantial number of rare polymorphisms in the gene
sequence (Cichon et al, 1998; Lefevre et al, 2000; Hillmer et al,
2002), leading a group of investigators to demonstrate that the very
®rst mutations described as causing APL/AUC (Ahmad et al, 1998a;
1998b) are in fact nonpathogenic sequence alterations (Cichon et al,
1998; Hillmer et al, 2001). To complicate the picture even further,
sequence alterations in a number of genes, such as the vitamin D
receptor (Miller et al, 2001), ornithine decarboxylase (Soler et al,
1996), and retinoid X receptor-a (Li et al, 2001) genes, result in a
phenotype similar to APL/AUC. In an attempt to organize this
wealth of data into a uni®ed model, the various disorders caused by
mutations in the hr gene were assessed and a number of common
clinical and laboratory criteria were identi®ed and suggested to be
helpful in the diagnosis of hr-related disorders (Zlotogorski et al,
2002a). We present a novel case affected with congenital atrichia
against which we assessed this novel classi®cation scheme with
mixed results.
A 17-y-old female was referred to us because of total absence of
hair since early childhood (Fig 1a). The patient was born to two
apparently unrelated individuals of Arab Israeli origin. The patient's
sister and both of her parents were totally healthy. The patient was
born with sparse hair, which was completely shed by 4 mo of age
and never grew thereafter. Examination of the patient at the age of
17 revealed, in addition to the total absence of hair, a normal skin
appearance without papular lesions as commonly seen in APL. The
patient was therefore diagnosed as affected with AUC. A skin
biopsy taken from the patient's scalp demonstrated the presence of
the infundibular portions of the hair follicles along with normal
looking sebaceous glands, but without any hair shafts (Fig 1b). The
middle and lower thirds of the hair follicles were missing, and
instead, small keratinizing epithelial cysts were observed (Fig 1b),
consistent with the diagnosis of AUC (Cichon et al, 1998). The
patient's father was not available for clinical evaluation and
molecular analysis. After having received their informed consent
according to a protocol approved and reviewed by the local
Helsinki Committee, blood samples were obtained from the
patient, her sister, and her mother. DNA was extracted and
screened for mutations in the hr gene as previously described
(Sprecher et al, 1999b). The patient was found to carry a
homozygous G®A transition at cDNA position 3034 of the hr
gene (accession number NM_018411) (Fig 1c). This mutation is
predicted to result in the substitution of an asparagine residue for an
aspartate amino acid (D1012N). D1012N was veri®ed by
polymerase chain reaction restriction fragment length polymorph-
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ism (PCR-RFLP) assay exploiting the fact that D1012N creates a
novel recognition site for the MscI endonuclease. The mother was
found to carry the mutation in a heterozygous state whereas the
healthy sib displayed two wildtype alleles (Fig 1d).
Additional experimental evidence indicates that D1012N is the
proximal cause of AUC in the case under discussion. Using the
PCR-RFLP assay (Fig 1d), D1012N was not present in 326
chromosomes obtained from unrelated healthy individuals of Arab
Israeli origin, suggesting that it does not represent a common
nonpathogenic polymorphism. In addition, D1012 was found to be
conserved across various species including human, macaque,
mouse, and rat (Fig 1e). This suggests that this residue may be of
functional importance. Novel data support this possibility (Potter et
al, 2001). Indeed, although the exact function of the hr gene during
hair morphogenesis is unknown, hr was shown to directly interact
with the thyroid hormone receptor (Thompson and Botcher,
1997). Recent observations suggest that the hr protein functions as a
transcriptional corepressor for thyroid hormone receptor in the rat
(Potter et al, 2001). Two domains of the rat hr protein were shown
to be able to interact with thyroid hormone receptor: thyroid
receptor interacting domains 1 and 2 (TR-ID1 and TR-ID2)
(Potter et al, 2001). D1030, the rat homolog of human D1012, is
part of the hr TR-ID2, which is highly conserved across species
(Fig 1e). hr interaction with thyroid hormone receptor is attenu-
ated when the rat D1030 is mutated into alanine, suggesting that rat
D1030, and most probably human D1012, may contribute to hr
activity (Potter et al, 2001).
This case raises two additional interesting issues. First, among the
15 families described to date (including the present case) carrying hr
mutations, nine originated from Arab countries or Pakistan
Figure 1. Phenotypic Characterization and Molecular analysis (a) Clinical features in AUC. Note the absence of scalp hair. No papular rash is
observed. (b) Histopathology in AUC. A skin biopsy from the patient's scalp demonstrates the infundibular portions of two hair follicles along with
normal-looking sebaceous glands (thick arrow). The lower two thirds of the follicles are missing, and instead, two small keratinizing epithelial cysts are
observed (thin arrow) (hematoxylin and eosin, 1003). (c) Mutation analysis. The patient (upper panel) carries D1012N in a homozygous state. Her
mother (middle panel) displays a heterozygous D1012N mutation. The mutation was not found in the patient's healthy sister (lower panel). (d) PCR-
RFLP. D1012N creates a novel recognition site for MscI endonuclease. A 185 bp fragment was ampli®ed using primers 5¢-
AGTGCCAGGATTACAGGCGT-3¢ and 5¢-CAGGCAGGCAGTGGTGTGTC-3¢ and digested with MscI. The mother was shown to display an
undigested fragment of 185 bp and a digestion product of 135 bp. Accordingly, the patient showed the 135 bp fragment only whereas the healthy sister
displayed the 185 bp fragment exclusively. (e)Hairless protein alignment. The hr TR-ID2 domain, including D1012 (boxed in red), is highly conserved
across various species.
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(Table I). The reason for this peculiar distribution is unknown. It
may re¯ect a referral bias. More likely, it could result from the high
inbreeding coef®cient characterizing these populations. Indeed, all
mutations described to date in hr are homozygous changes
(Table I). The incidence of APL/AUC in a given population
therefore seems to correlate with consanguinity rates. Second, our
patient lacked signi®cant features considered as diagnostic for APL/
AUC in a novel classi®cation scheme (Zlotogorski et al, 2002a)
including a papular rash and whitish hypopigmented streaks on the
scalp. Although it is possible that a papular rash may develop later in
our patient, numerous studies have consistently reported that
papules start to appear in APL during the ®rst decade of life (Del
Castillo et al, 1974; Kanzler and Rasmussen, 1986; Misciali et al,
1992; Zlotogorski et al, 1998; 2002a; Kruse et al, 1999; Sprecher et
al, 1999a; 1999b). Interestingly, we never observed hypopigmented
streaks in any of our APL/AUC patients; the exact signi®cance of
this recently described clinical sign (Zlotogorski et al, 2002a) is
unknown, especially in the absence of any histologic description. In
fact, previous cases carrying a pathogenic hr mutation did not
display either a papular rash or cystic lesions on histology (Cichon et
al, 1998).
In sum, this case once again illustrates phenotypic and genetic
heterogeneity in congenital atrichias due to mutations in the hr
gene. Ongoing studies aimed at dissecting the molecular anatomy
of this gene (Potter et al, 2001) represent a major step towards a
better understanding of the variable phenotypic expression of hr
mutations and towards a more rational classi®cation of congenital
atrichias.
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Table I. Mutation spectrum in hr causing congenital atrichias
Mutationa Location Phenotype Dermal cysts Origin Reference
p.R33X Exon 2 APL + Mediterranean Zlotogorski et al (2002a)
c.1256delC Exon 3 AUC + Palestinian Ahmad et al (1999a)
c.1261±1281del
p.Q478X Exon 4 APL + Pakistani Sprecher et al (1999b)
p.R613X Exon 6 APL + Japanese Ahmad et al (1999b)
p.R620Qb Exon 6 AUC + Irish Ahmad et al (1998b)
p.C622G Exon 6 APL + Polish Aita et al (2000)
c.2001delCCAG Exon 7 APL + Mexican Kruse et al (1999)
c.2147delC Exon 9 APL + Palestinian Zlotogorski et al (1998)
c.2776 + 1G > A Intron 12 AUC ± Omani Cichon et al (1998)
p.N970S Exon 14 APL + Tyrolian Kruse et al (1999)
p.D1012N Exon 15 AUC + Arab Israeli This study
p.T1022Ab Exon 15 AUC + Pakistani Ahmad et al (1998a)
p.V1056M Exon 16 APL + Palestinian Zlotogorski et al (2002b)
p.V1136D Exon 18 AUC + Pakistani Cichon et al (1998)
c.del3434C Exon 18 APL + Arab Israeli Sprecher et al (1999a)
aLocation of the mutation refers to GenBank accession numbers AF039196(nucleotide sequence) and NP_005135 (amino acid sequence).
bRecent observations suggest that these two mutations may represent nonconsequential polymorphisms (Cichon et al, 1998; Hillmer et al, 2001).
922 KLEIN ET AL THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
